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Die folgenden Angaben sind den vom Anmelder eingereichten Unterlagen entnommen 

@ Verfahren zum Fugen beschichteter Materiaiien durch Stanznieten mit Halbhohlniet 

(57) Die Erfindung betrifft ein Verfahren zum Fugen be- 
schichteter Materiaiien durch Stanznieten mit Halbhohl- 
niet (2), insbesondere von organisch und anorganisch 
ein- und meh rfachbeschichteten Stahl- und/oder Alumini- 
umbiechen. Vor dem Fugevorgang wird ein Opferbiech 
(5) auf die Matrize (3) aufgelegt, welches als Unterlage fur 
die darauf zu legenden Fugeteile (1 ) dient. Das Opferbiech 
(5) wird beim Stanznietvorgang in die Gravur der Matrize 
(3) eingeformt. Nach dem Stanznietvorgang liegen die 
verbundenen Fugeteile (1) und das Opferbiech (5) ge- 
trennt voneinander vor. Mit Hilfe des Verfahrens lassen 
sich beschichtete Bleche weitestgehend ohne Beschadi- 
gung der Beschichtung der Unterseite mittels Stanznieten 
durch Halbhohlniet verbtnden. 
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Be sell rci bung 



Die lirfindung beirilTf cin Vcrfahrcn zuui 1 'iigen beschich- 
icicr Maccrialicii durch Sianznictcii mil Halbhohiniei gcniUB 
dein ObcrbcgrilT lies Anspruchs 1. 

Charakicristisch fur die Sianxniciverfahren mil Halbhohi- 
niei is! das milielbare. nichllosbare Verbinden von Blechiei- 
len ohne Vorlochoperaiion unicr Verwcndung cines HilfsfU' 
gclcilcs, welches gleichzcilig als Schneidsiempel fungierl. 
Die Fugeeletiieniausbildung erlblgi prinzipell in einem cin- 
siufigen Seizvorgang. 

Stanznieien mil Halbhohiniei basieri aul dcFn liinsai/. pla- 
slisch vcribrinbarer Hiirsfugeieilc. Der prinzipielle Verfah- 
rensablaiif des Nietseizvorganges isi aus Abb. 1. zu enineh- 
iiien. 

Die auf dcr Matrizc liegcnden l-iigelcilc |1 1 werden durch 
das Aul'seizen eines als Niedcrhalicr wirkenden Mundstuk- 
kes lixier!. Mit /Nuslosung dcs ununterbrochcnen Sienipel- 
vorhubcs wird das HiHsfugcieil (Halbhohiniei 121) aus der 
Waneposiiion der Fiigestelle zugeflihrt. In der ersien Phase 
schneidei der Halbhohiniei das sienipelseitige Blech, (bei 
niehrschnitiigen Verbindiingen luii n-B!echen werden n- 1 
Bleche geschniilen) nininii dabei den Slanzbuizen in seineni 
Hohlraum auf und fornii ansehlielSend bei gleichzeiiiger ei- 
gener Verspreizung ini niairizenseitigen l-Cigeteii einen 
SchlielSkopl" aus, dessen Form durch die Gravur der Mairize 
|3| besiimrm wird. Durch die Verspreizung dcs Nieisehafies 
bildel sieh im unieren Blech cin Hinlerschniii aus, sodaB im 
Zusammenwirken mil dem Hinlerschniit am Nielkopfeine 
rornischlussige Verbindung enislehl.. Durch das abschlie- 
Bende Siauchen des Stanznieles wird ein spalUreier Fla- 
chenschluB zwischen Nieischali und l-ligeieiien hergestelli 
und soniil die KralYschluBkoniponenie in die Verbindung 
cingebracht. 

Fur die ZuTuhrung der Hilfsfiigeieile exisiieren unier- 
schicdliche Fordermechanisnien, bei denen eniweder lose 
oder magazinieric Hillsfugeteile irunsporlieri werden. Ma- 
gazinierte Sianzniele sind mil ihreni Schaliabschniu verlier- 
sicher in einem enisprechend vorgelochien Band aus Kunsl- 
siolT oder anderem Material cingebracht und werden durch 
den Vorhub des Siempels aus diesem gelosL Der Transporl 
des Gurlbandes kann aulomaiisch uber cine pneunialische 
Raische oder einen niii dem Siempelhub gekoppelien 
Schwenkmcehanisruus realisieri werden. Fose Hiitsllige- 
teile werden in der Regel aus einem Schwinglbrderer nie- 
chanisch uber cine Fiihrungsschiene oder pneumatisch 
durch einen Prohlschlauch der Seizeinheit zugeluhri. Mil 
der konsirukiiven Weiiereniwicklung und Bereitsiellung ei- 
nes unifangreichen Sortimenies von Tlilfsfugeleilen und 
tbrmgebenden Malrizen konnen tlir das Fugen von Feinble- 
chen und l^olilwerksiolTen unierschiedlichsicr Maierialien 
schr guie quasislatischc und dynamischc Vcrbindungstesiig- 
keiten erzielt werden. 

Aus anwendungslechnischer Sichi ist hervorzuheben, dal3 
auch Nichieisen- und Bunimelalle, nichlnielallische, be- 
schichicle und VerbundwerkslolTe bei fallbezogener Ab- 
siimnmng von Hilfsfugereil und Matrizc durch Sianznieien 
mi! Halbhohlniet gelugl werden konnen. Bedienungs- und 
Wariungsaul wand iXir den SianznictprozeB sind als gering 
zu bewcrlen. Bei annahernd gleichen Takizeilcn wic fiir das 
PunkischweiBcn konnen Stanznieiverbindungen in der Re- 
gel vorarbeilslrei geseizt werden. Da es sich um ein wiirme- 
aniies Fugeverrahren (ohne Zufiihrung von zusalzlicher 
Wanueenergie) handeli, enifallen Vorkehrungen zur Abfuh- 
rung warmebedingier Emissionen. 

Als cnischcidender Vorleil I'iir den Fertigungseinsaiz isi 
die groBe Flexibilitat dcr StanznieHechnik anzusehen. Das 
Spektrum der einsclzbaren Feriigungsmiiiel reichl von Fiu- 
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fachsianznietsiationen. uber Mehrfachtugeein rich tun gen 
und roboiergeluhnen Fiigezxtngen bis hin zur fniegration in 
die autoiuaiische Blechieileleriigung und Sondcnuaschinen, 
bei denen eine Vielzahl von Fiigeelenienicn in einem Ar- 
beiishub erzcugi werden konnen. In Summe der Eigcnschal^ 
ten bieiei das Sianznieien mil Ilalbhohlnict beirachiliches 
lintwicklungspoteniial, um sich Ibrian als leisiungsfahiges 
Blechlugeverfahren zunehn\end zu etablieren. 

Beim Sianznieien mil Halbhohiniei organisch und anor- 
ganisch ein- und mehrfachbeschichieier Maierialien kommt 
es beim jeizigen Siand der lechnik zur Schadigung der Un- 
terseile des unniillelbar auf der Maliize liegcnden Fugeiei- 
les, gekennzeichnel durch Risse und Furchen der Beschieh- 
lungen im SchlieRkoplbereich. sowie durch Ablaizen und 
Verschieben von BeschichlungspartikeIn, sodaB im Einzel- 
fall der blankc GrundwerksiolT sichtbar wird. Die signifi- 
kanie Schadigung der Beschichiung des mairizcnsciiigen 
Bleches isi meisi schon makroskopisch zu erkennen. Ursa- 
chen hierfiir sind die pariiell enormen ObeillachcnvergroBe- 
rungcn des mairizenseitigen Bleches in Verbindung mil ho- 
her 1 'lachenpressung und Reibung zwischen Mairi/engravur 
und Blechoherlliiche wiihrend der Ausbildimg des SchlieR- 
kopfes in der Mairizengravur. Diese Schadigung des Fiige- 
elemenies im SchlieBkoplhcrcich fuhrl zu particller oder 
vollstandiger Schwiichung bzw. Zersiorung des Schichizu- 
sammenhaltes (Kohiision) und Schichihai'iung (Adhasion) 
auf dem Substrat, was sich ncgaiiv auf die FUgeieileigen- 
schafien, hauplsiichlich optischen Findruck Korrosionsrcsi- 
slenz. Diehiheii und daniit verbunden auch auf die staiische 
und dynamischc Verbindungsfestigkcii der Bauelemente 
auswirki. 

Aufgabe der FXindung isi es, ein Verfahren anzugeben, 
bei dem die an der Unierseiie des unmitlelbar auf der Ma- 
trizc liegcnden Fugeleilcs aulirelende Oberflachenverande- 
rung bzw. schadigung dcr ein- oder mehrfachen. anorga- 
nisch, organisch oder kornbinicrien Beschichiung der Slahl- 
oder Aluminiumbleche abzumindern bzw, das Aut'ireien der 
oben genannlen negaiiven Fffekie deuiiich zu verringem, so 
daB sich bei makroskopischer Belrachtung dcroptische Fin- 
druck im SchlieBkoplbereich weniger slark vom nichiumge- 
Ibrmlen GrundmaleriaL des mil seiner Unierseiie unmitlel- 
bar auf der Mairizc liegcnden Bleches unierscheidel, 

I'rfindungsgemaB wird die Aufgabe durch ein Verl^hren 
mil den im Anspruch 1 genannlen Merkmalen gelost. 

Vor dem I'ugevorgang wird ein Blech auf die Mairize ge- 
legL welches als Unlerlage fiir die darauf zu legenden FLige- 
leile dienl. Das zusatzliche, als "Opferblech" bezeichncle 
Blech wird beim Sianzniel vorgang in die Gravur der Ma- 
trizc eingeformt, ohne daB es dabei zu einer krafl- oder 
formschlussigen Verbindung des Oplerbleches mil den dar- 
Uber liegcnden Fugeieilen komini. Das nach dem Scizen des 
Stanznieles umgeformic Opferblech wird nachdcm die Fii- 
geteile von der Mairizc abgehoben wurden ebenfalls cni- 
feml. Fur jeden Slanznielvorgang wird ein neues. unver- 
fonules Opferblech verwendel. Als Opferblech komml me- 
tal lisches Blech, vorzugsweise beschichleies oder unbe- 
schichieies Stahl- oder Aluminiumblech zum Einsalz. Die 
Dicke und Materialart dcs Oplerbleches isi abhangig von 
den daruber liegcnden FLigeieilen. 

Das Opferblech wirkt als Umfonnhilfsmitiel zur Reduzie- 
rung der wiihrend der SchlieBkoplausfonnung auflrelenden 
Relalivbewegung an der Unierseiie des zuuniersi liegcnden 
l-ugeleilcs. Da das Oplerblech einen Teil dcr Mairizengra- 
vur austullt, wird im Vergleich zum Sianznieien ohne Opfer- 
blech ein in Durchmesser und Hohe kleinerer SchlieBkopf 
im zuuniersi liegcnden Fugeieil ausgefonni. Damif wird die 
"'OberflachenvcrgroBcrung verniinderl. Das Opferblech vcr- 
iindert weiierhin die Reibbedingungen an der Unierseiie des 
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Li n I /. '. J t b r I n c n d c n 1 ■ i i g c 1 c i 1 c s . 

Diirch (jbcrlagcrung dcr gcnannicn lilVckic wird cine si- 
gnilikanic Vcrmindcrung dcr ObcrMachcnschadigung des 
AuutHcrsi licucndc I'iigcicilcs crrciclit. In Abliangigkcii von 
den I'ugoiciloigcnschaticn (Mulcrialari, T.cgiorung. I'csiig- 
kcii, Dickc\ WanuehchuntllLings/usiand und OhcrMachcnbc- 
schichiung) kann das Auftrcicn von Risscn, I'urchcn, Ab- 
plaizungcn und ahnlichcr Hrschcinungcn leilwcisc oder 
gan/ vcrringeri b/.w. unierbundcn wcrdcn, 

Durch die Vcrwcndung cincs Opfcrblcchos wcrdcn die 
I'Ugcieilcigcnschat icn vcrbcsscri, Boschichicic Siahl- und 
Aluniiniuniblcchc konncn daniil vor- und nachbcarbciiungs- 
iVei gcliigl wcrdcn. Die Korrosionsscluii/.- und kosniciischc 
Wirkung dcr Bcschichiiing blcibi wciigehcnd odcr vollsuin- 
dig crhallcn, was sich posiliv aui" die l ugctcilqualiiai (Vcr- 
bindungslcsligkcii. Dichlhcil dcr l iigcsicllc) auswirkl. 

Dcr opiischc l^indruck dcr l ugcsicllc vcrbcsscri sich, ins- 
bcsondcrc bci Lackbcschicliuingcn wcrdcn Ton und Glan/ 
dcr I 'arbschichi crhcblich wcnigcr bccinlluBi. 

Nachlblgcnd wird die lirfindung an FTand cincs Ausfuh- 
rungsbcispicls noeh nahcr erliiuicri. In den /cichnungcn /.ci- 
gen: 

Abb. 1 cine Darsicllung dcr Arbcilsfolgc bcim Stan/nic- 
icn mil Halbhohlniei, 

Abb. 1 cine Darsicllung des Vcrrahrcnsablaul's bcim cr- 
( i ndu n gsgc 1 11 a (S c n Vc r t a li rc n . 

Die in dcr Abb. 1 dargeslcllic Arbcilsfolgc dieni tier Itr- 
lautcrung des bckannicn Sian/.nictcns mil ITaibhohlnici. 

In dcr Abb. 2 isi das crlindunssgernal.> niodiii/.ieric Vcr- 
I'ahrcn dargcsiclll. Vor dcni 1 ligenvorgang wird cin Oplcr- 
blcch 5 aul'dic Malri/c 3 autgclegi. Bcim Sian/.niclvorgang 
wcrdcn (iie I 'ligeieile I und das Oplcrblcch 5 in die Clravur 
dcr [Vlalri/.e 3 eingelorml. Naeh dem Scl/.en des Sian/nicics 
wcrdcn die i 'ugeicile 1 und Optcrbleeh 5 von dcr Mairi/c 3 
cnifcrni, Hinc Vcrbinciungsbildung /.wischcn 1-ugcicil I und 
Opfcrblcch 5 crl'olgi nicht. 

IJc/.ugszcichcnIisic 



4 



rcich dcr Gravur iibcrdcckt. 



TTicr/.u 1 Sciic(n) /xMchnungcn 



J* 



l-iigcici! 

TTalbhohlnici 

Mairizc 

Siempcl 
Oplerbleeh. 
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l^aicnianspriiehe 



1. Vcrlahrcn /urn I'ugcn bcschicliicier Maicrialien 
durch Slanznicicn mil Tlalbhohlnicl (2). insbesondere 
von organisch und anorganisch cin- und mchrlachbc- 50 
schichicicn Siahl- unci/oder Aluminiuiublechcn. da- 
durcli gekennxcichnet, cial.^ vor dcm l-iigcvorgang cin 
Opfcrblech (5) aul'dic Matri/.c (3) aufgclcgi wird, wel- 
ches als Unterlagc fur (iie daraul /.u Icgcndcn l ugclcilc 
(I) dient, das Opfcrblcch (5) beim Sianznicivorgang in 55 
die Gravur dcr Mairi/.e l3) eingefornH wird. und nach 
dcm Sianznicivorgang die vcrbundcncn 1-ugctcilc (I) 
und das Opfcrblcch (5) geircnnl voneinandcr vorlic- 
gcn. 

2. Vcrfahrcn nach Anspruch 1. ciadurch gekennzeich- CiJ) 
neu da(3 als Opfcrblech (5) mciallisehes BIcch in bc- 
schichteicr ocicr unbcschichietcr 1-orm verwendel wird. 

3. Vcrlahrcn nach Anspruch 1 odcr 2. dadurch gekenn- 
zcichnci. daB das Opfcrblcch (5) nach dcm Sianznici- 
vorgang die Gravur dcr Mairi/c (3) und den Randbc- 65 
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(54) Method and apparatus for forming rivet joints 



(57) A method and apparatus (20= 90) for forming 
rivet joints that allow pivotal motion of the parts intercon- 
nected by such joints with a desired amount of clearance 
(86). Parts (66. 68) to be riveted together are aligned 
with each other and held in place on a parts support anvil 
(24 96): and a rivet (74) is placed into aligned holes (70, 
72). A rivet support anvil (38) is positioned against the 



head (76) of the rivet to establish an initial condition. The 
rivet support anvil is adjusted a required amount with 
respect to the parts support anvil prior to formation of 
the second head (84) on the opposite end of the nvet. 
The rivet is allowed to move a controlled amount prior 
to formation of the second head, to provide the desired 
amount of clearance. 
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Description 

TECHNICAL FIELD 

The present invention is related to riveting and in s 
particular to forming riveted pivot joints including a de- 
sired amount of clearance. 

BACKGROUND ART 

10 

It is common In manufacturing to want a joint in 
which a rivet serves the dual purposes of both fixing two 
or more parts together and acting as a pivotal shaft, as 
in pliers joints, scissors joints, wire cutters, or various 
types of pinions. Rivet tension or clearance in such a '5 
joint is a factor in determining the amount of friction be- 
tween two or more pivotally interconnected members. 
In a joint as in a tool such as pliers, it is usually desired 
to have two or more pivotal members in contact with one 
another but not held so tightly together that friction in- 
terferes with their use. nor with so much clearance that 
the two parts of a tool feel loose or sloppy with respect 
to each other. In the case of scissors or wire cutters, 
such looseness may detract from the effectiveness of 
the tool in its primary cutting function. Such a tool with 25 
a loose or sloppy rivet joint is commonly perceived as 
having low quality. 

In the past it has been difficult to rivet two parts such 
as pliers jaws or scissors together with the use of auto- 
matic machinery, and final adjustment of such joints has 
had to be done manually by skilled personnel. Some 
amount of success has been obtained by using shoul- 
dered rivets and then using accurately controlled time 
and pressure to form a rivet head. In order for controlling 
time and riveting pressure to be successful, the hard- 35 
ness of rivets must be accurately controlled: and as little 
pressure as possible must be used, in order to minimize 
the clamping pressure exerted by the tool forming a rivet 
head. Unless the parts being connected and the rivets 
being used are produced to very close tolerances, how- 40 
ever, these methods have less than completely satisfac- 
tory results, and it is therefore expensive to make such 
rivet joints. 

The most widely used method of controlling the 
amount of tension or clearance in rivet joints, particularly 45 
in tools whose parts pivot with respect to each other, is 
manual adjustment. Manual adjustment means that af- 
ter a rivet joint has been formed by machinery, hand 
tools are used to tighten or loosen the joint as necessary. 
This often results in inconsistent quality of pivot joints or 50 
imperfections in the appearance of a rivet head. 

One known method of assembling pliers is dis- 
closed in Thomson U.S. Patent No. 1,177,738, which 
teaches use of a spacer of fibrous material interposed 
between the bearing surfaces while a rivet is formed, 55 
and later removal of the spacer to provide the desired 
amount of clearance between bearing surfaces. This 
method has not found great acceptance in industry, per- 
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haps because of the difficulty of removing the spsfcer 
from between the jaws of tools made using the method. 

Christensen U.S. Patent No. 3,747,194 discloses 
the use of a preloading clamping pressure to hold to- 
gether the parts being fastened, before the formation of 
a rivet head. While this provides reliably tight rivet joints, 
it is not apparently intended to produce rivet joints in- 
cluding clearance to permit connected parts to pivot. 

What is needed, therefore, is an Improved method 
and apparatus for forming rivet joints having a very 
small, but accurately established, amount of clearance 
between the parts riveted together, so that the parts are 
pivotally movable with respect to one another, with nei- 
ther excessive friction nor excessive clearance, and 
without the need for manual adjustment. 

DISCLOSURE OF THE INVENTION 

The present invention overcomes the aforemen- 
tioned shortcomings and disadvantages of the prior art 
by providing a method and apparatus for mechanically 
forming a riveted pivot joint that interconnects a group 
of parts and provides a desired amount of clearance that 
is neither so great that the pivot joint feels sloppy nor so 
little that it is difficult to pivot the parts with respect to 
each other about the rivet. 

In accordance with the method of the present inven- 
tion, a group of parts to be riveted together are clamped 
together and supported by a parts support anvil. A rivet 
support anvil is used to urge a rivet into an aligned set 
of rivet holes forming a throughbore to receive the rivet, 
and an initial condition or preliminary position of the rivet 
support anvil with respect to the parts support anvil is 
thereby established. Thereafter the rivet support anvil is 
adjusted with respect to the parts support anvil, and the 
opposite end of the rivet Is upset to form a head, while 
the rivet support anvil supports the preformed first head 
of the rivet Independently from the parts support anvil. 

The method of the invention may include adjust- 
ment of hydraulic or pneumatic pressure utilized to sup- 
port the rivet support anvil against the pressure of a 
head forming device. 

The method may also include a step of moving the 
rivet support anvil a predetermined distance from the in- 
itial or preliminary position. 

The method also may include adjusting a part of a 
structure supporting the rivet support anvil, thus adjust- 
ing an amount of mechanical preloading in the struc- 
ture's support of the rivet support anvil with respect to 
the parts support anvil. 

In the method of the present invention, the initial 
condition or preliminary position of the parts support an- 
vil and rivet support anvil with respect to each other com- 
pensates automatically for the actual sizes of the rivet 
and the parts being interconnected, and thus does not 
rely upon precise manufacture of the parts being joined 
in order to provide a joint having the required amount of 
clearance. It should be understood that the desired or 
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reqijired amount of clearance may be zero clearance, 
and that during the process of forming a rivet the parts 
being interconnected may be compressed^ where the 
desired or required clearance is an interference or neg- 
ative clearance resulting in tension in the rivet when the 5 
joint has been completed. 

The present invention also provides apparatus for 
forming a rivet joint according to the method of the in- 
vention, the apparatus including a parts support anviL a 
parts clamp, a rivet support anvil capable of pushing io 
against a first or preformed head of a rivet to force it into 
a set of aligned rivet holes through the parts to be riveted 
together and a mechanism associated with the rivet 
support anvil, to cause the rivet support anvil to support 
the rivet relative to the parts support anvil so that when ^5 
a device is used to form the rivet head on the opposite 
end of the rivet the rivet joint will have the desired 
amount of clearance. 

Apparatus which is a preferred embodiment of the 
invention includes a lock to hold the parts clamp, parts 20 
support anvil and rivet support anvil in an initial condi- 
tion, and a mechanism for adjusting the relationship be- 
tv/een the rivet support anvil and the parts support anvil 
from the initial condition to a condition in which formation 
of the second head of the rivet provides the required 25 
clearance. 

Apparatus which is one embodiment of the inven- 
tion includes a rivet support anvil having a projecting 
portion, utilized to urge a rivet into an initial position in 
the parts to be interconnected. The projecting portion is 00 
movable a predetermined distance by the rivet under the 
force exerted to form the second head of the rivet so 
that another part of the rivet support anvil then supports 
the first head of the rivet in a position providing the de- 
sired amount of clearance in the rivet joint when it is 3S 
completed. 

In one riveting machine embodying the present in- 
vention a parts support anvil is movable toward a clamp- 
ing member and a brake holds the parts support anvil 
in a fixed position in order to establish the initial condi- -^0 
tion before adjustment of the rivet support anvil with re- 
spect to the parts support anvil. 

The foregoing and other objectives, features, and 
advantages of the invention will be more readily under- 
stood upon consideration of the following detailed de- ^5 
scription of the invention, taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

FIG. 1 is a partially sectional schematic drawing of 
a riveting machine according to the present invention for 
use in riveting together a pair of parts to provide a de- 
sired amount of clearance in the rivet joint formed by the 
machine. -55 

FIG. 2 is a sectional view of parts of a pair of scis- 
sors riveted together in accordance with the present in- 
vention, at an enlarged scale. 



FIG. 3 is a simplified sectional schematic view of 
basic parts of the machine shown in FIG. r at an en- 
larged scale, showing a first step of a method of forming 
a riveted joint according to the present invention. 

FIG. 4 is a view similar to FIG. 3 showing the posi- 
tions of parts of the riveting machine shown in FIG. 1 at 
a subsequent step according to the method of the in- 
vention. 

FIG. 5 is a view similar to FIG. 4. showing a further 
step according to the method of the invention. 

FIG. 6 is a view similar to FIG. 5, showing a further 
step of the method according to the present invention. 

FIG. 7 is a view similar to FIG. 6 at yet a further step 
according to the present invention, during which a sec- 
ond head is being formed on the rivet. 

FIG. 8 is a detail view, at a further enlarged scale, 
showing the rivet joint formed during the step shown in 
FIG. 7. 

FIG. 9 is a partially sectional, simplified schematic 
view showing a riveting machine which is an alternative 
embodiment of the present invention. 

FIG. 10 is a view similar to FIG, 6. showing a step 
of the process of forming a riveted joint using the ma- 
chine shown in FIG. 9. 

FIG. 11 is a sectional, simplified schematic view of 
a machine for use in forming a riveted joint according to 
a variation of the method of the present invention. 

FIG. 12 is a sectional, simplified schematic view^ at 
an enlarged scale, of certain parts of the machine shown 
in FIG. 11 during an initial step of the method of forming 
a riveted joint using that machine. 

FIG. 1 3 IS a view similar to FIG. 1 2 showing the rel- 
ative positions of the same parts of the machine shown 
in FIG. 11 and of the rivet joint being formed according 
to the present invention using the machine shown in 
FIG. 11 

BEST MODES FOR CARRYING OUTTHE INVENTION 

Referring now to the drawings which form a part of 
the disclosure herein, a nveting machine 20, shown 
schematically in FIG. 1, includes a frame 22 shown 
schematically. A parts support anvil 24 include.s a sup- 
port surface 26 and defines an opening 28 extending 
through the support surface 26. A parts clamp 30 in- 
cludes a clamping face 32 and defines a riveting open- 
ing 34 extending through the clamping face 32. The 
parts clamp 30 is movable with respect to the frame 22 
by use of a motor arrangement such as pneumatic cyl- 
inder-and-ptston assemblies 36, of which the cylinders 
are mounted on the frame 22, while the pistons are con- 
nected to the parts clamp 30 to move it toward or away 
from the parts support anvil 24. The air pressure used 
in the cylinder-and-piston assemblies 36 is preferably 
controlled carefully to limit the force exerted by the parts 
clamp 30. The rate of flow of the air to the cylinder-and- 
piston assemblies 36 is also controlled to limit the speed 
of movement of the parts clamp 30. Other motors, also 
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arranged to move al controlled speeds and to exert con- 
trolled force may also be used. These might include hy- 
draulic cylinder-and-piston assemblies or ball screw ar- 
rangements driven by electric or pneumatic motors with 
appropriate controls. A cam and follower arrangement s 
driven by a pressurized fluid in a cylinder-and-piston as- 
sembly could also be employed to move the parts clamp 
30. 

A rivet support assembly includes a rivet support 
anvil 36 that extends through the opening 28 in the parts 
support anvil 24 and has a rivet head supporting face 
40 which is exposed within the opening 28. Preferably, 
the opening 28 is no larger than necessary to avoid con- 
tact with a rivet being used and to provide clearance for 
the rivet support anvil 38. The rivet support anvil 38 is 
movable with respect to the parts support anvil 24, so 
that the locations of the support surface 26 and the rivet 
head support face 40 with respect to one another are 
variable. 

A shaft 42 is rotatably supported in a set of bearings 
(not shown) supported in a fixed position with respect to 
the frame 22. An eccentric wheel 44= equivalent to a 
crank v/ith a very short throw, is fixedly located on the 
shaft 42 or formed integrally therewith and is intercon- 
nected with a connecting link 48 by a bearing 46 which 
allows the eccentric wheel 44 to rotate with respect to 
the connecting link 48. Instead of the eccentric wheel 
44, a cam might be used with a follower interconnected 
with the connecting link 48 so as to move it according 
to the cam shape and position. Similarly a screw (not 
shown) might be supported by the frame 22 and en- 
gaged with threads in the connecting link 48 to move it 
relative to the frame 22. 

A bearing 50 mounted in the connecting link 48 a 
distance apart from the bearing 46 attaches the con- 
necting link 48 to a rivet support anvil carrier 52 which 
is movable with respect to the frame 22. The anvil carrier 
52 is restricted to motion in a straight line with respect 
to the frame 22, by a ball slide (not shown) or other suit- 
ably precise bearings attached to the frame 22. 

The rivet support anvil 38 is also restricted to linear 
movement with respect to the frame 22 by a ball slide 
or other suitably precise bearings (not shown) and is 
movable with respect to the rivet support anvil carrier 52 
by the use of motors such as pneumatic cylinder-and- 
piston assemblies 54, of which the cylinders may be 
mounted on the rivet support anvil carrier 52, while the 
pistons are connected drivingly to the rivet support anvil 
38. The cylinder-and-piston assemblies 54 are arranged 
to move the rivet support anvil 35 toward and away from 
the rivet support anvil carrier 52 and thus to move the 
rivet head support face 40 with respect to the support 
surface 26 of the parts support anvil 24 through a range 
of positions limited by the available stroke of the cylin- 
der-and-piston assemblies 54, using conventional valve 
arrangements (not shown) for control. The portion of the 
rivet support anvil 38 which extends through the opening 
28 remains movable freely and independently with re- 
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spect to the parts support anvil 24. 

The air pressure used in the cylinder-and-piston as- 
semblies 54 is preferably controlled to limit the force ex- 
erted by the rivet support anvil 38. The rate of flow of 
the air to the cylinder-and-piston assemblies 54 is also 
controlled to limit the speed of movement of the rivet 
support anvil 38. Other motors, also arranged to move 
at controlled speeds and to exert controlled force, may 
also be used. These might include hydraulic cylinder- 
and-piston assemblies or ball screw arrangements driv- 
en by electric or pneumatic motors with appropriate con- 
trols. 

The rivet support anvil 38 is limited in its movement 
relative to the anvil carrier 52 by the interaction of a die 
post 56 attached to the rivet support anvil 38, and a 
brake 62, which may be a tapered collet chuck, as 
shown schematically in FIG. 1 , that engages the die post 
56 to lock the rivet support anvil 38 in a particular posi- 
tion with respect to the rivet support anvil carrier 52 
when the brake 32 is activated. 

Instead of the die post 56 and brake 62, other mech- 
anisms could be used, such as a hydraulic work rest. It 
a ball screw and stepper motor combination is used in 
place of or supplementing the pneumatic cylinder-and- 
piston motors 54, an electric brake holding the stepper 
motor in a desired position has enough mechanical ad- 
vantage through the ball screw that the electric brake 
on the stepper motor is sufficient to retain the rivet sup- 
port anvil 38 in a desired position. 

Referring now to FIGS. 2-8, parts to be riveted to- 
gether according to the method of the present invention, 
such as a first blade 66 and a second blade 63 of a pair 
of scissors, are placed adjacent one another so that re- 
spective rivet holes 70 and 72 are aligned with each oth- 
er A rivet 74 is inserted into the through-hole thus de- 
fined through the pair of scissors blades by the aligned 
rivet holes 70 and 72, as shown in FIG. 3. The assembly 
consisting of the scissors blades 66 and 68 and the rivet 
74 is placed between the parts support anvil 24 and the 
parts clamp 30, in a position where the support surface 
26 of the parts support anvil 24 is in contact with the 
movable blade 68, but does not touch the head 76 of 
the rivet 74. The rivet hole 72 is chamfered to form a 
countersink, and the head 76 of the rivet 74 is flat and 
has an inner side shaped to correspond with the shape 
of the countersink portion of the rivet hole 72. In other 
groups of parts to be riveted in accordance with the in- 
vention the through-hole might not include a counter- 
sink. The parts clamp 30 and parts support anvil 24 are 
moved toward each other to hold the scissors blades 66 
and 66, as by pressurizing the cylinder-and-piston as- 
semblies 36 to move the parts clamp 30 with respect to 
the frame 22 to the position shown schematically in FIG. 
4, with the rivet 74 helping to keep the parts aligned with 
one another. 

At about the same time, the cylinder-and-piston as- 
semblies 54 are also pressurized to move the rivet sup- 
port anvil 38 as needed to bring its rivet head support 
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face 40 into contact against the head 76 of the rivet 74 
as shown in FIG. 5. with a force that is sufficient to urge 
the rivet 74 snugly into the aligned rivet holes 70 and 72 
and bring the head 76 into firm contact with the corre- 
sponding surface of the nnovable blade 68. The force 
applied to move the rivet support anvil 38 toward the 
rivet 74 should not be great enough, however either to 
defornn the rivet 74 or the parts to be joined, or to over- 
come the force exerted by the parts clamp 30 and urge 
the scissors blades 66 and 68 away from the parts sup- 
port anvil's support surface 26 

With the cylinder-and-piston assemblies 36 and 54 
exerting pressure the rivet support anvil 38 is in a pre- 
liminary position with respect to the parts support anvil 
24, and the parts to be riveted and the rivet are all held 
together with respect to each other by forces whose 
magnitudes are established by the pressures within the 
cylinder-and-piston assemblies 36 and 54. The brake 
62 is then actuated as a lock to hold the rivet support 
anvil 38 in that initial condition with respect to the parts 
support anvil 24. In achieving that initial condition the 
actual sizes of the parts to be joined, and of the rivet, 
are accommodated automatically, as the cylinder-and- 
piston assemblies move as necessary to bring the rivet 
support anvil 38 to bear on the preformed rivet head 76, 
Once the brake 62 is actuated the force of the cylinder 
and piston assemblies 54 may be released. 

To assure that the pivot joint to be formed holds the 
blades 66 and 63 together snugly enough so that the 
scissors will cut. yet not so tightly that they are difficult 
to move with respect to each other about the pivot joint, 
in accordance with the present invention the initial con- 
dition of the rivet support anvil 38 and parts support anvil 
24 relative to each other is adjusted as indicated sche- 
matically in FIG. 6, before a second head is formed on 
the rivet 74 to interconnect the blades 66 and 68 or other 
assemblies which might be riveted together. In the riv- 
eting machine 20 shown in FIG. T this adjustment is 
accomplished by rotating the shaft 42 through a control- 
led angle so that the eccentric wheel 44. supported in 
the connecting link 48 by the bearing 50, changes the 
position of the connecting link 48 with respect to the 
frame 22. By the eccentric wheel 44 being eccentric 
from the shaft 42 by a relatively small distance, for ex- 
ample 0.003 inches, and by carefully controlling the 
amount of rotation of the shaft 42. the position of the 
connecting link 48 can be adjusted precisely and reliably 
by distances controlled to within 0.0001 inch, as indicat- 
ed by arrow 78. 

The required amount of adjustment is determined 
empirically and is used thereafter in riveting a particular 
type of assembly, using fairly uniform parts and rivets of 
known composition. Once the correct amount of adjust- 
ment has been determined, the same adjustment of the 
position of the shaft 42 from the initial condition estab- 
lished as described above will result in the desired 
amount of clearance in each similar joint made thereaf- 
ter. For example, in forming a pivot joint in a pair of scis- 
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sors as described above, the cam shaft 42 may be ro- 
tated 60°. to result in movement of the rivet support anvil 
38 toward the head 74 of the rivet by a distance of 0.002 
inch, preloading portions of the frame 22 to withstand 
the force of the riveting head 80 against the outer end 
82 of the rivet 74, to result in the proper clearance in the 
pivot joint created. 

Once this adjustment has been accomplished, a riv- 
et head-forming device such as a riveting head 80 is 
moved into position against the previously headless out- 
er or distal end 82 of the rivet 74, as shown in FIG. 7, 
urging the rivet 74 toward the rivet support anvil 38 to 
keep the head 76 firmly in contact with the rivet head 
support face 40. The riveting head 80 comes into con- 
tact with the end 82 of the rivet 74 through the riveting 
access hole 34 in the parts clamp 30, which provides 
ample clearance for the riveting head 80 to move about 
the end 82 of the rivet as necessary to form the second 
head 64. Since the rivet support anvil 38 prevents the 
rivet 74 from moving more than a very small distance, 
the pressure applied by the riveter head 80 upsets the 
end 82 of the rivet, causing a portion of the body of the 
rivet 74 to expand radially within the rivet hole 70 and 
forming a second head 84 on the rivet 74, as shown best 
in FIGS. 2 and 8, The particular type of riveting head 
used IS not critical, and the riveting head 80. may be a 
pneumatic or hydraulic orbital riveter for example. 

Because of the pressure exerted axially along the 
hvet 74 in forming the second head 84 and because of 
some expansion of the body of the rivet 74 within the 
rivet hole 70, the rivet 74 may be fixed in the rivet hole 
70, but the previous adjustment of the rivet support anvit 
38 results in a certain amount of clearance 86, shown 
in FIG. 8. between the first or preformed head 76 of the 
nvet 74 and the adjacent surface in contact with the 
parts support anvil 24. In FIG. 8, the clearance 86 is 
shown between the underside of the head 76 and the 
chamfered surface or countersink part of the rivet hole 
72 in the blade 68 

Using the empihcaily determined amount of adjust- 
ment provided by similar rotation of the cam shaft 42 for 
each similar group of parts once the initial or preliminary 
condition has been established, the same clearance 86 
will be provided when the second head 84 is formed. 
This requires, however, that the forces exerted in urging 
the parts clamp 30 against the parts to be assembled 
and against the parts support anvil 24 and the force ex- 
erted by the rivet support anvil 38 in establishing the in- 
itial position are reasonably uniform, as may be assured 
by regulating the pressure utilized in the cylinder-and- 
piston assemblies 36 and 54. So long as the difference 
in force exerted by the riveting head 80 is not so great 
that it overcomes or causes significantly different 
amounts of flexure in the mechanisms or structures sup- 
porting the rivet anvil 38 and the parts support anvil 24 
or deforms the parts to be connected by the rivet, the 
amount of pressure exerted by the riveting head 80 and 
the dwell time during which the pressure is exerted do 
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not affect the eventual clearance distance 86 which can 
be obtained. The pressure and dwell time should be kept 
fairly uniform for a series of rivets, however, to maintain 
uniformity. 

The adjustment of the rivet support anvil 38 with re- 
spect to the parts support anvil 24 may not result in ac- 
tual movement of the rivet support anvil 38 with respect 
to the parts support anvil 24 when the adjustment is 
made, because of the elasticity of the frame 22 and the 
fastenings of the parts support anvil 24 and the cam 
shaft 42 to the frame 22. It would be expected that if the 
frame 22 and the connections of the parts support 24 
and the cam shaft 42 to the frame were completely rigid 
there would have to be an adjustment allowing the rivet 
support anvil 38 to move away from the head 76 of the 
rivet 74. In fact, because of actual flexibility of the frame 
22 or possible backlash in the brake 62, or other such 
factors, the required adjustment of the rivet support anvil 
38 might in some cases be In the direction providing ad- 
ditional preloading of the frame 22 to support the rivet 
head 76 more firmly, because of the ability of the riveting 
head 80 to move the rivet support anvil 38 with respect 
to the parts support anvil 24 when it urges the rivet 
against the rivet head support face 40 in the process of 
forming the second head 84. While the clearance dis- 
tance 66 is shown in the drawings as an actual space 
between the head 76 and a surface of the blade 68, the 
desired or required clearance in some cases may be ze- 
ro, or may be an interference causing some compres- 
sion of parts being interconnected by a rivet, in order to 
result in tension in the rivet when formation of the joint 
has been completed. 

Referring now to FIGS. 9 and 10, a riveter 90 gen- 
erally similar to the riveting machine 20 shown in FIG. 
1 is different in that instead of a movable parts clamp it 
includes a support table 92 which is fixedly attached to 
a frame 94, on which the shaft 42 is mounted as on the 
frame 22 in the riveting machine 20 described previous- 
ly. A rivet support anvil 38 and associated structures are 
also connected with the frame 94 as in the riveter 20. 

A parts support anvil 96. however, is movable with 
respect to the support table 92 and with respect to the 
frame 94, to urge together parts, such as the first blade 
66 and second blade 68, to be riveted together as an 
assembly Except as will be described presently the 
parts support anvil 96 is similar to the parts support anvil 
24. and similar parts have been given the same refer- 
ence numerals used previously with respect to the parts 
support anvil 24. The parts support anvil 96 is moved 
toward the support table 92 by motors such as cylinder- 
and-piston assemblies 98, which correspond generally 
with the cylinder-and-piston assemblies 36. The cylin- 
der-and-piston assemblies 98 are thus extended by fluid 
under pressure to move the parts support anvil 96 to- 
ward the support table 92 to clamp together a group of 
parts to be assembled. Brakes 1 00 which may be similar 
to the brakes 62 act on die posts 102 attached to and 
movable with the parts support anvil 96, to lock the pans 



support anvil 96 into a fixed position with respect to 'the 
frame 94 once the parts support anvil 96 has been 
moved toward the support table 92 by the cylinder-and- 
piston assemblies 98. 

s With the parts support anvil 96 held in place by the 

brakes 100 acting on the die posts 102, the cylinder- 
and-piston assemblies 54 move the rivet support anvil 
38 into position against the head 76 of the rivet 74, and 
the brake 62 is then actuated on the die post 56 to lock 

10 the rivet support anvil 38 in position, thus establishing 
the initial condition of the rivet support anvil 38 with re- 
spect to the parts support anvil 96. as shown in FIG. 10. 

Thereafter, adjustment of the rivet support anvil 38 
with respect to the parts support anvil 96, and operation 

15 of the riveting head 80. are the same as with the riveting 
machine 20 described previously, as the brakes 100 
lock the parts support anvil 96 to the frame 94 so that it 
wilt support the parts being riveted, in opposition to the 
force of the riveting head 80. 

20 Formation of a rivet joint to assemble a group of 
parts such as the scissors blades 66 and 68 may also 
be accomplished according to the present invention us- 
ing apparatus such as the riveting machine 110 shown 
in FIGS. 11, 12, and 13. in which a parts support anvil 

25 112 of appropriate size attached to a rigid frame 113 
(shown schematically) defines a throughbore 1 1 4. A riv- 
et support assembly 116 is located beneath the parts 
support anvil 1 1 2 and includes a pneumatic cylinder 118, 
*an outer piston 120, an inner cylinder 122 defined within 

30 the outer piston 120, and an inner piston 124 disposed 
movably within the inner cylinder 122. One end of the 
cylinder 118 is closed by the parts support anvil 112, and 
a port 126 for passage of pressurized gas to and from 
a conduit 127 communicates with the interior of the 

35 pneumatic cylinder 118 above the outer piston 120. A 
clearance aperture 128 provides access through the 
wall of the pneumatic cylinder 118 to an inner port 130 
for passage of pressurized gas through a conduit 129 
to and from the interior of the inner cylinder 1 22 beneath 

40 the inner piston 1 24. A plug 1 32 fitted into the outer pis- 
ton 1 20 closes the inner cylinder 1 22 opposite the inner 
piston 124. A connecting rod 134 extends rotatably out- 
ward from the plug 1 32 and is connected through a slip 
joint coupling 1 35 to a motor, such as a rotary actuator 

45 136 which may be driven by gas under controlled pres- 
sure, such as compressed air. The rotary actuator 1 36 
drives the slip joint coupling 135, which in turn rotates 
the connecting rod 134 within a ball nut 138 which Is 
engaged with ball screw threads 140 (shown schemat- 

50 ically in FIG. 11) on the connecting rod 134. The rotary 
actuator 1 36 and the ball nut 1 38 are both supported on 
a single structure such as the frame 113 and are thus 
fixed with respect to each other, so that rotation of the 
connecting rod 134, with its threads 140 mated with the 

55 ball nut 1 38, moves the connecting rod 1 34 longitudinal- 
ly with respect to the frame 113 and the slip joint cou- 
pling 135 and thus moves the outer piston 120 longitu- 
dinally within the pneumatic cylinder 113. 
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Extending nnovably into the Ihroughbore 114 from 
within the pneumatic cylinder 118 is a rivet support anvil 
including a central pin 1 44 and a sleeve or tubular outer 
pin 146 defining a bore 148 surrounding the central pin 
144. The outer pin 146 is integral with the outer piston 
120 and extends from it into tho throughbore 114. The 
central pin 1 44 extends through the bore 1 48 as a rivet 
insertion member and is attached to the inner piston 
1 24, so that movement of the inner piston 1 24 within the 
inner cylinder 122 moves the central pin 144 longitudi- 
nally along the bore 148 within the outer pin 146. 

Except when riveting is actually taking place, a 
quantity of gas at a controlled pressure introduced 
through the port 1 30 into the interior of the inner cylinder 
122 urges the inner piston 124 to the upper end of the 
inner cylinder 1 22 (as seen in FIG. 1 1 thus holding the 
central pin 1 44 extended as far out as possible with re- 
spect to the surrounding outer pin 146, with a force of^ 
for example, 60 pounds. The central pin 144 then pro- 
trudes beyond the outer pin 146 by an adjustment dis- 
tance 1 50 as shown in FIG. 1 2. The adjustment distance 
150 is selected to provide the desired clearance be- 
tween the head 76 of a rivet 74 and the interior surface 
of the rivet hole 72 in the movable blade 68 when the 
rivet's outer end 82 is upset by a riveting head to form 
a second head on the rivet 74. 

The riveting machine 110 is utilized by placing to- 
gether and aligning a group of parts such as the first 
blade 66 and second blade 68 of a pair of scissors and 
inserting the rivet 74 into the rivet holes 70 and 72 pro- 
vided respectively in the blades as previously described. 
The rotary actuator 136 is operated to retract the con- 
necting rod 134 a short distance, thus bnnging the re- 
spective outer ends 152 and 154 of the central pin 144 
and outer pin 1 46 of the rivet support anvil to a recessed 
position with respect to the support surface 156. The 
blades 66 and 68 and the rivet 74 are then placed to- 
gether on the parts support anvil 11 2= with the head 76 
of the rivet aligned with the throughbore 114 and the 
movable blade 68 resting on the support surface 156 of 
the parts support anvil 112. When the group of parts and 
the rivet 74 are properly located on the support surface 
156 a parts clamp 158 is lowered into contact with the 
scissors blades 66 and 68, pushing them together and 
into contact with the support surface 156 with some 
pressure, but not great enough pressure to deform 
them. 

A quantity of gas under controlled pressure, such 
as compressed air. is admitted into the pneumatic cyl- 
inder 1 1 8 above the outer piston 1 20 through the conduit 
1 27 and port 1 26. as well as being admitted also through 
the conduit 1 29 and port 1 30 into the inner cylinder 1 22 
as previously described. The rotary actuator 1 36 is then 
operated to rotate the slip joint coupling 1 35, thus turn- 
ing the threads 1 40 of the connecting rod 1 34 in the ball 
nut 1 38 as required to raise the connecting rod 1 34 and 
the attached outer piston 120. carrying with it the outer 
pin 1 46 and the central pin 1 44, with the central pin 1 44 



projecting beyond the outer pin 146 as shown in FIG. 
1 2. The downward force exerted by the gas under pres- 
sure within the pneumatic cylinder 118 above the outer 
piston 120 opposes the force of the bail screw so that 

5 the outer piston 120 is urged upv*/ard toward the head 
76 of the rivet 74 with a net force of, for example, 30 
pounds, which is less than the force urging the inner pis- 
ton 1 24 upward with respect to the outer piston 1 20. The 
force of the gas above the outer piston 120 acts against 

10 the force of the actuator 1 36 and bait nut 1 38 to limit the 
net upward force of the rivet support anvil against the 
head 76 of the rivet. 

As a result, the outer end 1 52 of the central pin 1 44 
is brought into contact with the surface of the head 76 

?5 of the rivet 74 with a force less than the force required 
to overcome the force of gas under pressure in the inner 
cylinder 1 22,, and the central pin 1 44 continues to extend 
beyond the outer pin 146. The downward force exerted 
by the parts clamp 1 58 is also greater than the net force 

20 upward on the head 76 of the rivet 74. Thus the upward 
pressure of the central pin 1 44 urges the rivet 74 snugly 
into engagement in the rivet hole 72 in the movable 
blade 68, while the outer end 154 of the outer pin 146 
remains spaced apart from the head 76 of the rivet 74 

25 by the adjustment distance 150 shown in FIG.: 12. 

Next, the riveting head 80 Is moved downward Into 
contact with the outer end 82 of the rivet 74. This initially 
forces the rivet 74 downward, overcoming the force ol 
the compressed air within the inner cylinder J 22 and 

00 forcing the center pin 1 44 down within the outer pin 1 46 
until the outer end 1 52 of the center pin 1 44 is flush with 
the outer end 154 of the outer pin 146. as illustrated in 
FIG. 13, allowing the head 76 of the rivet 74 to come 
also into contact with the outer end 1 54 of the outer pin 

35 1 46. The rotary actuator 1 36 and ball nut 1 38 retain the 
outer piston 1 20 and thus the outer pin 1 46 in its position 
with respect to the rivet 74 and the parts support anvil 
112 as the riveting head 80 upsets the outer end 82 of 
the rivet and forms the second head 84. 

^0 Because the outer pin 146 moves together with the 
central pin 144 until the outer end 152 is brought into 
contact with the head 76 and urges the rivet 74 fully into 
contact against the inner surface of the rivet hole 72, 
prior to the riveting head 80 being brought into contact 

45 with the outer end 82 of the rivet 74, the available 
amount of movement of the rivet 74 until its head 76 
comes into contact with the outer end 1 54 is always 
equal to the desired adjustment distance 150, regard- 
less of the actual location of the head 76 of the rivet 74 

50 with respect to the support surface 156 on which the 
movable blade 66 rests in the initial condition estab- 
lished before the riveting head 80 is brought to bear on 
the outer end 82 of the rivet 74. 

The terms and expressions which have been em- 

55 ployed in the foregoing specification are used therein as 
terms of description and not of limitation, and there is 
no intention, in the use of such terms and expressions, 
of excluding equivalents of the features shown and de- 
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8. The melhod of claim 7. including Ihe step of lodging 
the rivet support anvil into said initial condition prior 
to said step of adjusting. 

5 9. The method of claim 1 wherein said step of adjust- 
ing includes adjusting the position of said rivet sup- 
port anvil relative to the position of said parts anvil 
by moving an eccentric wheel included in a rivet 
support anvil assembly. 

10 

10. The method of claim 1 wherein said step of adjust- 
ing includes adjusting the position of said rivet sup- 
port anvil relative to the position of said parts sup- 
port anvil by moving a cam wheel included in a rivet 

IS support anvil assembly. 

11. The method of claim 1 wherein said step of adjust- 
ing includes adjusting the position of said rivet sup- 
port anvil relative to the position of said parts anvil 

20 by moving a crank included in a rivet support anvil 
assembly. 
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scribed or portions thereof, it being recognized that the 
scope of the invention is defined and limited only by the 
claims which follow. 



Claims 

1. A method of riveting a plurality of parts together to 
form an assembly with a predetermined clearance 
or interference between a rivet and the parts inter- 
connected by the rivet, comprising: 

(a) urging together a parts clamp and a parts 
support anvil on opposite sides of a plurality of 
parts to be riveted together; 

(b) urging a rivet anvil against a first head of a 
rivet, thereby urging the rivet into a rivet hole 
extending through the parts to be riveted to- 
gether and establishing an initial condition; 

(c) thereafter adjusting said rivet anvil with re- 
spect to said parts anviL thereby creating an 
adjusted condition: and 

(d) thereafter forming a second head on said 
rivet while retaining said parts support anvil and 
said rivet anvil in said adjusted condition. 

2. The method of claim 1 ., including the step of pushing 
said rivet toward said rivet support anvil after ad- 
justing said rivet support anvil and before forming 
said second head. 

3. The method of claim 1 wherein said step of adjust- 
ing includes moving one of said rivet support anvil 
and said parts support anvil with respect to the oth- 
er. 

4. The method of claim 1 , including the step of apply- 
ing force to said rivet axially in a direction tending 
to move said rivet toward said first head after ad- 
justing said rivet support anvil and before forming 
said second head. 

5. The method of claim 1 , including the steps of locking 
the parts support anvil and parts clamp relative to a 
frame and thereafter adjusting said rivet anvil rela- 
tive to said parts support anvil by adjusting said 
parts support anvil with respect to the frame. 

6. The method of claim 1 wherein said step of adjust- 
ing includes moving said rivet anvil by a predeter- 
mined distance relative to said parts support anvil. 

7. The method of claim 1 . including the step of locking 
the position of said parts clamp relative to said parts 
support anvil wherein said step of adjusting in- 
cludes thereafter adjusting the position of said rivet 
anvil relative to the position of said parts support 
anvil. 



12. The method of claim 1 wherein said step of adjust- 
ing includes adjusting the position of said rivet anvil 

25 relative to the position of said parts support anvil by 

operating a screw mechanism. 

1 3. The method of claim 1 , including the step of locking 
the parts support anvil and parts clamp relative to a 

30 frame and thereafter adjusting said rivet anvil rela- 

tive to said parts support anvil by adjusting said 
parts support anvil with respect to the frame. 

14. A method of riveting a plurality of parts together to 
35 form an assembly v/ith a predetermined clearance 

or interference between a rivet and the parts, com- 
prising: 

(a) clamping together a group of parts; 
40 (b) providing a set of aligned rivet holes in the 

parts to be joined; 

(c) inserting a rivet through said set of aligned 
rivet holes; 

(d) supporting the group of parts on a parts sup- 
45 port anvil; 

(e) urging a rivet support anvil against a pre- 
formed head of said rivet, thereby urging said 
rivet into said rivet holes and establishing an 
initial condition of said rivet support anvil with 

50 respect to said parts support anvil while sup- 

porting said preformed head of the rivet inde- 
pendently of supporting said group of parts on 
said parts support anvil; 

(f) thereafter, adjusting the rivet support anvil 
55 with respect to the parts support anvil such that 

there will be a desired clearance In the rivet; 
and 

(g) thereafter forming a second head on said 
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rivet on a side of said group of parts opposite 
said parts support anvil while said rivet support 
anvil supports said preformed head of said rivet 
adjacent said parts support anvil but independ- 
ently thereof. 

15. A method of riveting a plurality of parts together to 
form an assembly with a predetermined clearance 
or interference, comprising: 

(a) clamping a group of parts together against 
a parts support anvil: 

(b) providing a set of aligned rivet holes in the 
ones of said group of parts: 

(c) inseaing a rivet through said set of aligned 

rivet holes: 

(d) pushing a pressing (ace of a rivet insertion 
member against a first head of the rivet with an 
insertion force of a first magnitude: 

(e) placing a rivet support face of a rivet support 
anvil in a position aligned with the rivet and 
spaced a predetermined distance apart from 
the rivet and the pressing face of the rivet in- 
sertion member: 

(f) holding said rivet support anvil stationary 
with respect to said parts support anvil: and 

(g) thereafter exerting pressure against an op- 
posite end of the rivet, thus overcoming said in- 
sertion force and moving the first head of the 
rivet into contact with said rivet support face, 
and thereafter forming a second head on said 
rivet while said first head remains in contact 
with said rivet support face. 

16. The method of claim 15. including the step of sup- 
porting said rivet insertion member in said position 
with respect to said rivet support face by applying a 
force greater than said first magnitude between said 
rivet support anvil and said rivet insertion member. 

17. The method of claim 15, including the step of mov- 
ing said rivet support anvil and said rivet insertion 
member as a unit during said step of pushing said 
rivet insertion member against said first head. 

18. The method of claim 15, including the step of using 
a screw to move said rivet support anvil toward said 
rivet with a force no greater than said first magni- 
tude, and to hold said rivet anvil stationary during 
said step of forming said second rivet head. 

19. Apparatus for forming a riveted joint fastening to- 
gether a plurality of parts, the apparatus compris- 
ing: 

(a) a supporting structure: 

(b) a parts support anvil supported by said sup- 
porting structure; 



(c) a rivet support anvil located adjacent said 
parts support anvil and supported by said sup- 
porting structure: 

(d) a parts clamp member disposed opposite 
s said parts support anvil, at least one of said 

parts support anvil and parts clamp member 
being movable with respect to the other and 
with respect to said supporting structure: 

(e) a lock arranged to hold said rivet support 
10 anvil in an initial rivet-supporting position: 

(f) a rivet support anvil adjustment mechanism 
interposed between said frame and said rivet 
support anvil; and 

(g) a rivet head forming device disposed oppo- 
?5 site said rivet support anvil in position to form a 

second head on a rivet having a first head sup- 
ported on said rivet support anvil. 

20. The apparatus of claim 1 9= further including a sec- 
20 ond lock arranged to hold said movable one of said 

parts clamp and said parts support anvil in a parts 
clamping position with respect to the other. 

21. The apparatus of claim 19 wherein said lock is lo- 
25 cated so as to hold said rivet head support anvil in 

said initial rivet-supporting position with respect to 
said frame. 

22. The apparatus of claim 1 9 wherein said lock is lo- 
00 cated so as to hold said rivet head support anvil in 

said preliminary rivet head supporting position with 
respect to said parts support anvil. 

23. The apparatus of claim 19, including a first motor 
35 arranged to urge said movable one of said parts 

support anvil and said parts clamp toward the other 
with a predetermined force. 

24. The apparatus of claim 23, including a second nno- 
40 tor arranged to move said rivet anvil toward said 

parts clamp with a second force which is less than 
said predetermined force. 

25. Apparatus for forming a riveted joint fastening to- 
45 gether a plurality of parts, the apparatus compris- 
ing: 

(a) a parts support anvil; 

(b) a parts clamp arranged to hold a group of 
so parts against said parts support anvil: 

(c) a rivet support anvil having a rivet support 

face: and 

(d) a rivet insertion member included in said riv- 
et support anvil and having a pressing face pre- 
ss truding a predetermined distance beyond said 

rivet support face and resiliently movable to- 
ward said rivet support face. 
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26. The apparatus of claim 25 wherein sard rivet inser- 
tion nnember is a centra! rod located within an axial 
bore defined within an outer part of said rivet sup- 
port anvil. 

s 

27. The apparatus of claim 25 wherein said rivet inser- 
tion member is supported with respect to said rivet 
support anvil by a contained quantity of a fluid under 
pressure. 

10 

28. The apparatus of claim 27, wherein said quantity of 
a fluid under pressure is contained within a cylinder- 
and-piston assembly. 

IS 
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